presents a clear, multidimensional, geometric representation of distillation theory that is valid for all types of distillation columns for all splits, column types, and mixtures. This representation answers such fundamental questions as:
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Phase Equilibrium and Its Geometric Presentation

Preface
This book is devoted to distillation theory and its application. Distillation is the most universal separation technique. Industrial distillation consumes a considerable part of the world power output. The distillation theory enables one to minimize power and capital costs and thus opens up new ways of designing economical separation units. The most important constituent of the distillation theory is the geometric approach, which reveals general rules governing the variation of component concentrations along the distillation column. In other words, it provides general rules for the arrangement of distillation trajectories in the so-called concentration space, in which every point represents some mixture composition. A considerable part of the book is concerned with these general rules, which are used as the basis in developing new methods and algorithms for the optimal design of separation units.
The geometric approach to distillation was put forward by the German scientists Ostwald and Schreinemakers in the early twentieth century. During the years that followed, it has been developed by scientists from various countries. However, until recently, the geometric approach found little use in the design of distillation units. The progress in this field was made by developing the pure computational approach, more specifically, ways of describing the liquid-vapor equilibrium and algorithms for solving sets of distillation equations. This approach has been fruitful: it has resulted in universal computer programs that enable one to design a distillation column (system) of any type for separation of any kind of mixture. However, the pure computational approach gives no answer to a number of fundamental questions that arise in the optimal design of distillation processes, particularly in the case of azeotropic distillation. These questions are the following: (1) What are the feasible separation products for a given mixture? In other words, what components can be present in or absent from the separation products? (2) What minimum power is required to separate a given mixture into the desired components? (3) What minimum number of trays is necessary to separate a given mixture into the desired components at a fixed-power input? Answers to these questions have been provided only by a general geometric theory of distillation. 
Until recently, this theory had not advanced to a sufficient extent. Solutions were only obtained for particular cases. For many years, the author and his colleagues, relying on the results obtained by other researchers, have been putting a great deal of effort into elaborating general methods of the geometric theory to answer the fundamental questions listed above. An analysis of thermodynamically reversible distillation, the conception of "sharp" separation, the formulation of conditions under which distillation trajectories can tear-off from the boundaries of the concentration simplex, and the conditions of joining of column section trajectories have been particularly important steps in constructing the geometric theory of distillation. We have proposed a clear multidimensional geometric representation of distillation, which is valid for all types of distillation columns and complexes, for mixtures of any number of components and azeotropes, and for all splits. This representation provided answers to all the fundamental questions, which were previously enumerated. This success encouraged the author to write the present book.
The optimal design of a distillation plant includes the optimization of the sequence of the most economic columns and complexes for separation for a given mixture (flowsheet synthesis) and optimization of the operating and design parameters of these columns and complexes (optimal design calculations). Methods of the general geometric theory of distillation, encoded in software, provide quick and reliable solutions to both problems. The creation of this book necessitated the development of DistillDesigner software that allowed us to refine, check, and confirm the algorithms of optimal designing and also to provide for a significant portion of illustrations and exercises. The problems are solved neither by conventional "blind" methods nor by trial-and-error methods based on the designer's intuition. They are solved in a systematic way, and the solution has a geometric image so the designer can see that it is really optimal. The creation of the software product led, in its turn, to a revision of the general statements of the geometric distillation theory.
Furthermore, the book considers problems that are beyond the framework of the geometric theory of distillation but are still of importance from both the theoretical and practical standpoints.
Among these problems is the problem of maximizing energy savings by optimizing the type of separation unit and by maximizing heat recovery and the problem of the maximum yield of the most valuable products in the separation of thermolabile mixtures (e.g., the maximum yield of the light product in oil refining). Application of optimal design methods based on the general geometric theory of distillation and use of new, most economic distillation units and separation sequences bring the practice of separation to a much higher level.
This book is intended for a wide variety of specialists in the design and operation of separation units in the chemical, pharmaceutical, food, wood, petrochemical, oil-refining, and natural gas industries, and for those engaged in creating software for separation unit design. The circle of these specialists comprises software engineers, process designers, and industrial engineers. The software engineer will find new computational algorithms, the process designer will be provided with a useful www.cambridge.org © in this web service Cambridge University Press Cambridge University Press 978-0-521-17406-0 -Distillation Theory and its Application to Optimal Design of Separation Units F. B. Petlyuk Frontmatter More information Preface xv guide in his or her search for economic engineering solutions, and the industrial engineer will find ways of reducing the process cost. This book can serve as a manual for students and postgraduates who want to refine their understanding of distillation.
The book has many illustrations, without which understanding of the geometric theory would be impossible. The visualization of trajectory location in the concentration space has great practical significance, as it allows the process designer to understand the main peculiarities of separation of each particular mixture. Developing the geometric theory of distillation necessitated the introduction of some new terms. Furthermore, for some concepts, there are no unique, commonly accepted terms. For these reasons, the book is supplemented with a short glossary, which is believed to be useful for the reader. For better understanding of the subject, each chapter has an introduction that presents the problems to be considered, their brief history, and a conclusion, which summarizes the basic results. Besides that, each chapter contains questions for review and exercises with DistillDesigner software. The most important chapter for understanding the geometric theory of distillation is Chapter 5. The chapters preceding it are basically introductory, and those that follow speak mostly of the application of the theory.
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